In this paper, we first discuss the characteristics and major benefits of the Swiss risk-based capital standards for insurance companies (Swiss Solvency Test), introduced in 2006. As the insurance industry is one of the largest institutional investors in Switzerland, changes to its asset and liability management as a result of the new regulatory framework could have striking economic effects. Thus, we further examine significant market implications for the Swiss economy due to possible changes in the asset and liability management of Swiss insurance companies. We investigate resulting effects on the Swiss capital market, focusing on bond, real estate, stock, foreign exchange markets, and the situation in case of a capital market crisis. Furthermore, we analyze potential consequences to corporate financing and product design. Most of the considered consequences result from the transition of past (in principle, not risk-based) supervision to risk-based supervision and can thus be generalized to other supervision systems, in particular Solvency II.
Introduction
Within the last 15 years, most major economies around the globe have changed their regulatory solvency framework to a system of risk-based capital standards.
1 In Switzerland, risk-based capital standards for insurance companies were introduced in 2006, called the Swiss Solvency Test (SST). The SST is a principle-based, stochastic risk model that includes scenarios for market risk, underwriting risk, and credit risk. As the insurance industry is one of the largest institutional investors in Switzerland, changes in its asset and liability management as implicated by the new regulatory framework could involve considerable market implications for the Swiss economy.
There is a great deal of research that focuses on factors and methodology for predicting solvency 2 and providing empirical evidence as to the predictability power of solvency models, 3 but there is very little research that analyzes the economic implications of equity capital regulation on the associated capital markets and economies. Some existing research does address the economic effects of regulation on the insurance market itself. Munch and Smallow 4 find that minimum capital requirements reduce the number of insolvencies by reducing the number of small firms. Van Rossum 5 points out the positive connection between the degree of regulation and its costs; furthermore, the author highlights the pressure regulation exerts on small insurers specialized in certain products and niches. use frontier efficiency analysis to find improved efficiency and consolidation in the Spanish insurance industry following its deregulation in the 1990s.
In this paper, we first present the main characteristics of the SST and briefly compare the SST approach to other regulatory systems, such as the U.S. risk-based capital standards or the European Union's Solvency II framework. Second, we investigate the SST's major economic implications due to altered asset and liability management, based on the study by Schmeiser et al. (2006) . We focus on resultant effects on the Swiss capital market concerning bond, real estate, stock, foreign exchange markets, and the situation in case of a capital market crisis. Moreover, we study potential consequences to corporate financing and product design. These effects can be generalized to other manifestations of supervision, since they are primarily caused by the transition to risk-based supervision. This is of particular interest for the Solvency II regulations planned for the European Union.
The remainder of this paper is structured as follows. After a brief description of the SST in the following section, we analyze the influence of the SST on the asset management of Swiss insurance companies in the next section. The penultimate section focuses on the underwriting side, corporate finance, and the impact of the SST on product design. The final section concludes.
The SST: An overview
The SST was developed by the Swiss Federal Office of Private Insurance (FOPI) in cooperation with the Swiss insurance industry. Even though it was implemented in 2006, prior to Solvency II, compatibility between the two was one of the SST's objectives. 7 Under the SST market, credit, and insurance risks are quantified by standardized factor models, whereas other risk categories (e.g., catastrophe risk) are covered by scenario analysis. The modular structure of the SST is shown in Figure 1 .
To determine the target capital, the results of the standard models are aggregated with the results of the scenario analysis, during which diversification effects are taken into account. In addition to this aggregation, a report is generated that summarizes the insurer's exposure in regard to the different risk categories. As in Solvency II, it is also possible to use internal risk models instead of standard models. 8 The market risk model takes into consideration changes in interest rates, stock prices, currencies, or real estate prices. It is based on the risk metrics model developed by J.P. Morgan, which is the most widespread approach for calculating value at risk in the banking industry. The risk factors are multivariate normally distributed and aggregated using a variance-covariance approach. The regulator estimates these risks by using 10 years of monthly returns of selected market indices. However, not all parameters are determined by the regulator but should rather be estimated by the insurer based on its portfolio. This practice emphasizes the principle-based approach of the SST compared to a rules-based approach (see, e.g., Solvency I).
The credit risk standard model is the same approach as used in Basel II. However, in contrast to Basel II, operational risks are not integrated into the model, but are instead considered on a qualitative basis within the SST report. Applying the Basel II credit risk approach within the SST framework has the advantage of being easy to implement and also reduces the incentives for regulatory arbitrage between the banking and insurance industry.
Insurance risk is modeled separately for life, non-life, and health insurance. There is no standard model for reinsurers since they are expected to have adequate internal risk models for calculating insurance risk.
In the life insurance context, the standard model consists of seven risk factors, including, for example, mortality, lapse rate, and exercise of product options. All risks are modeled using a normal distribution and are aggregated under given assumptions on correlations between these risks. 8 The pros and cons of the use of internal versus standard models are discussed in detail in Eling et al. (2007, pp. 79-80) in the context of Solvency II.
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In the non-life insurance context, risk is subdivided into three groups: small claims, large claims, and change in provisions (resulting from the previous year's claims). Furthermore, catastrophe risks are included as part of the scenario analysis. The sum of the small claims is modeled using a normal distribution, while the number and size of large claims are modeled separately. The number of claims is Poisson distributed, and each line of business has an individual distribution, for example a Pareto distribution, with given parameters for the claim size. For changes in provisions, the SST uses a shifted inverse lognormal random variable with a mean of zero and a predefined variance.
9
The standard model for health insurers assumes that insurance risk is independent of financial market risk. The model considers three health insurance lines: nursing expenses, individual per diem allowance, and collective per diem allowance. For each of these three lines, mean and standard deviation are estimated on the basis of historical data. The lines are then aggregated using assumptions on the correlations between the cash flows of the different lines.
10
Risks not accounted for by these standard models are covered by quantitative and qualitative scenarios. Qualitative scenarios are included in the SST report; quantitative scenarios are considered when calculating the target capital. Among the quantitative scenarios are, for example, natural disasters or a financial market crash. For these scenarios, a probability of occurrence and the resulting effect on the solvency level are estimated.
Similar to Solvency II, determination of the target capital follows a two-level approach. The first level is a standard rules-based minimum capital -the so-called safety net -based on the Solvency I rules used in European Union. The second level is a required target capital (or solvency capital), which is defined as the amount of capital needed at time zero to meet future obligations (the assumed risk) over a fixed time horizon for a required safety level a. Under the SST, the insurer's available economic capital is called ''risk-bearing capital'' (RBC) and represents the ability to bear the assumed risk. It is defined as the difference between assets and liabilities.
The transformation from the statutory balance sheet to the market-value-based approach at t¼0 is shown in Figure 2 .
The random variable X 1 used to calculate the target capital is defined by means of the change of RBC within 1 year (the risk-free interest rate r is provided by the regulator):
For scenario analyses, the available capital RBC is generally reduced compared to ''normal'' years. The distribution of RBC 1 (¼A 1 ÀL 1 ) is based on the distribution of 9 See Luder (2005 the assets and liabilities in t¼1 and will be estimated from historical data. The expected shortfall (ES) is defined as
where VaR a denotes the value at risk for a confidence level a¼1 percent, given by the quantile of the distribution Figure 3 ). The target capital is given by
where MVM stands for the market value margin, which is defined as the discounted run-off costs (in case of an insolvency). The distribution function of X 1 used to determine the target capital is obtained by aggregating the distribution functions of normal years with the distribution functions of the scenarios. This is done by weighting the functions with the assumed probability of occurrence.
Regulators expect the insurer's target capital not to exceed the available economic capital in t¼0, i.e.,
Enforcement of these amounts under the SST is somewhat vague and still under construction. Current planning is going in the direction of Solvency II. There will be different intervention levels depending on the relation of available capital to target capital. Falling below the minimum capital will result in the imposition of sanctions. However, contravention of the target capital so far leads only to discussions between the supervisor and the insurer.
The SST follows a principle-based approach instead of using a rules-based approach as implemented, for example, in the U.S. risk-based capital standards. A major drawback of standard rules-based models is that these have no flexibility to handle individual situations and thus might not be very effective in assessing the wide range of insurance risk profiles. The principle-based approach is flexible and captures the individual risk profile, for example, by using parameters of the insurer instead of those predetermined by the regulator. A principle-based approach also might trigger Balance sheet transformation at t¼0. Notes: A S , L S ¼statutory value of assets and liabilities at t¼0; A 0 ¼market value of assets at t¼0; L 0 ¼best estimate of liabilities at t¼0; RBC 0 ¼risk-bearing capital at t¼0.
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12 Another advantage of using principles instead of strict rules is that this might reduce the danger of systematic behavior and, in turn, systemic risk (see the sub-section below on the effects of the capital market crisis for a detailed discussion). But these advantages do not come without drawbacks. Relying upon principles might increase the complexity and costs of regulation, both for the insurer, who needs time and money to implement the principles into a model, and for the regulator, who needs sufficient resources to control all the individual models instead of one standard model.
Regarding the risk measure used, the expected shortfall concept in the SST allows -in contrast to the value-at-risk approach -to capture the actual extent of a shortfall. The latter is anticipated in the Solvency II project, even though it is a controversial concept based on the ruin probability approach. The advantage of the value at risk is its easier implementation as it does not require data to estimate the tail of a distribution, which -at the same time -represents its most serious drawback: The debate in the literature about the adequacy of risk measures for solvency measurement especially stresses the fact that the value at risk only takes into account the number of shortfalls. In contrast to the expected shortfall, the value at risk does not provide information about the severity of the default. Hence, it may be adequate from the shareholders' perspective in the case of limited liability where losses are restricted to the initial payment. However, the cost of insolvency is significant for policyholders and will thus also be of central concern for regulators. In addition, the expected shortfall is especially suitable for risks with low frequency and high severity.
13 A further discussion of advantages of risk measures can also be found in, for example, Barth 14 and Butsic. 14 Barth (2000) . 15 Butsic (1994) .
The target capital is derived based on market-consistent values of assets and liabilities, and thus ensures a realistic picture of an insurer's risk capacity. This is different from the U.S. framework, which uses balance sheet items for target capital calculations. A market-consistent valuation of risk requires the implementation of sound financial methods (e.g., option pricing methods) that can account for relevant sources of uncertainty in cash flows. Thus, the SST supports the employment of modern financial tools in the risk management processes of insurance companies, which is further enhanced by the possibility of using internal models in place of the standard models. This is an important advantage compared to the U.S. system, which permits standard factor models only. These issues are also reflected in positive feedback from market participants after the SST field test in 2005. 16 In particular, participants found internal risk models to be excellent management tools and -due to a more efficient use of capital -as a potential competitive advantage. Furthermore, the increased transparency is seen as an important factor for revealing financial strengths and weaknesses. It is also expected to reduce the whole insurance sector's cost of capital and to prevent insolvencies due to a transition towards a more riskaware culture. Overall, the SST can be characterized as a modern and progressive regulatory framework that could serve as the basis for further developments in the European Union.
Effects of risk-based capital standards on asset management

Effects on bond markets
The yield curve In the past, regulators merely defined upper limits for investments in each asset class. The SST, in contrast, requires an adequate amount of solvency capital for the assumed investment risk. This creates a natural incentive for insurers to assume fewer risks by, for example, decreasing the portfolio amount invested in risky assets and/or by increasing the amount invested in relatively safe assets such as high-rated bonds.
The SST also promotes reducing the duration mismatch between assets and liabilities, which can lead to an increase in the demand for long-term bonds and trigger capital shift, particularly in the life insurance business. Such shifts in demand were observed in the United Kingdom, where the term premium has been negative during the last several years. Higher minimum capital requirements (the ''enhanced capital requirements'' and ''individual capital assessment '') 17 and the introduction of the accounting standard FRS 17 led to large purchases of long-term bonds by U.K. insurance companies and pension funds.
18 Furthermore, discussions with respect to ''liability-driven investment'' strategies are already occurring in practice, having as a goal the congruent organization of assets and liabilities. strategies could at least in the short term lead to disequilibrium on the rather small Swiss bond market. Long-term bonds might then exhibit abnormally low interest rates and we might observe similar effects as have occurred in the United Kingdom.
To substantiate the actual potential of the underlying problem, we compare volumes of invested capital and market capitalization. The private Swiss insurance industry currently invests CHF 511 billion worldwide, of which CHF 206 billion is invested in bonds. 20 According to the Swiss stock exchange, the market capitalization of Swiss bonds at the end of the year 2005 amounted to CHF 256 billion, 21 which shows that the Swiss capital market is indeed very small for Swiss insurance companies. Hence, the suggested effects could actually occur, leading to a higher demand for long-term bonds. According to analysts, such a demand surplus could exist for 10-15 years. 22 In the case of unchanged supply, prices of long-term bonds would rise and, in turn, interest rates fall, leading to a flat yield curve. However, attractive prices will motivate bond issuers to expand the supply. This additional supply will need to come mainly from sovereign institutions due to the necessity of low counterparty risk. Furthermore, other long-term investments can be used as substitutes, such as mortgages, assetbacked securities, or long-term corporate bonds.
At present, a clear trend toward an expansion of long-term bond volume in the international capital markets can be observed. France and Great Britain, for example, have already exploited the attractive issuing conditions of long-term bonds and issued new government bonds with a 50-year maturity. The key argument for very long maturities is that the government can secure the currently low interest rate for a long period.
23
The quality spread Along with the shift in the yield curve, the introduction of risk-based capital standards might also influence the quality spread, which is the difference in yields between ''good''-rated borrowers and ''bad''-rated borrowers. Since important parts of the SST capital requirements are built on ratings, bond issuers of bad-rated (or not-rated) companies might have to pay higher interest rates in the future.
In this context, the Basel II experience -the equity capital regulations in the banking industry -is highly relevant. It is frequently stated that bad-or not-rated companies have had to pay higher interest rates since the introduction of Basel II, 24 which -especially for smaller companies -has led to increasing refinancing costs in the past several years.
Considering the quality spread, the SST capital requirements can lead to a situation where insurers reduce their investment risks in order to lower their capital 20 See Swiss Insurance Association (2006, p. 9) . 21 For the statistics, see www.swx.com. The volume number represents all bonds issued in CHF by Swiss companies at the SWX Swiss Exchange. There are also foreign bond issuers, but their bonds are partially issued in CHF and partially in foreign currencies. 22 See Huesler (2006) ; Miles and Baker (2005) . 23 See Reitz and Stocker (2005, p. 37) . 24 See, for example, Grunert et al. (2002 .
Martin Eling et al. Swiss Solvency Test and its Market Implications requirements. Transferring these considerations to credit qualities implies that the portion invested in relatively safe bonds, such as government bonds, will increase, while the portion invested in riskier bonds, such as distressed corporate bonds, will decrease. In this environment, demand for bad-or not-rated bonds might decline.
Hence, in contrast to Solvency I, ratings are essential in the SST, for example for deriving the credit risk of the insurer's bond portfolio and for determining the default risk of the reinsurance exposure. Empirical evidence shows that rating agencies have been relatively successful in identifying financial distress, for example, compared to regulators. 25 However, insurers and regulators should be aware of substituting their own due diligence by ratings since the rating agencies' methodologies are not really transparent.
Effects on real estate markets
Tendencies similar to those of the bond market can be expected for commercial and residential real estate. In this context, there is current controversy in the Swiss insurance market as to whether real estate exhibits duration. This is an essential question for Swiss insurers because they intend to use real estate for duration matching in order to lower their capital requirements. The answer to this question and the consideration of such duration in the SST might thus affect the investment policy of insurers over the next few years. If real estate cannot be used for duration matching, the attractiveness of real estate is reduced. This is particularly true for commercial real estate, which exhibits a high volatility of approximately 11 percent per annum, measured on the basis of the WUPIX A, an index for listed real estate companies. 26 In contrast, residential real estate has a much lower volatility of approximately 4 percent per annum (computed on the basis of the IAZI, an index for Swiss residential real estate), and thus cannot be considered a risk driver within the standard model. A possible shift in the demand for real estate investment (if it cannot be used for duration matching within the SST) can then affect the market prices of both commercial and residential real estate. To shed some light on the impact of potential shifts, we consider the size of the real estate market. Of the CHF 511 billion invested by insurers at the end of 2005, CHF 64.6 billion were invested in real estate and mortgages. 27 An indicator for the size of the Swiss real estate market is the Swiss property benchmark, which presently comprises CHF 62 billion, 28 including 50-60 percent of all large Swiss real estate portfolios. We thus have to assume that the Swiss insurance industry holds a significant portion of the institutional real estate market.
25 See Pottier and Sommer (2002 This comparison clarifies that the Swiss capital market could be -similar to the bond market -too small and that the previously discussed market implications might indeed occur. However, other characteristics of the SST may dampen these effects, including, for example, the SST's emphasis on diversification. Therefore, real estate will also serve as a diversification element in insurers' portfolios in the future. However, if there is less demand and unchanged supply in the real estate market, real estate prices will still fall. In contrast to the bond market, there is no quick fix for the real estate market (at least in the short to medium term), since a reduction of supply is not realizable in the short term. A decrease in house-building activity and thus of the real estate supply is possible, but only in the very long term.
It could be hypothesized that other investors will be attracted by low real estate prices and therefore effect an adjustment in demand. But since the supply side of the real estate market is clearly less flexible than is bond market supply, we expect stronger effects in the real estate market than in the bond market. We also expect lower real estate prices in the future if insurance companies reduce their demand for real estate investment.
Effects on stock markets
The total investment volume in stocks by Swiss insurers is rather small. According to current data from the FOPI, 29 life insurers' investment in stocks is on average 10.14 percent; property-liability insurers invest 7.53 percent.
It must be emphasized that the SST primarily focuses on the risk of an investment, and pays far less attention to return potential. Return on investments is considered in the SST standard model for property-liability insurers, but not for life insurers. For life insurance, integration of the return potential is possible only when an appropriate internal model is used. Motivated by the SST, insurers might generally prefer to select less risky investment strategies, but this would also mean that they will not offer their customers products with a high return potential because these products require too much regulatory equity capital.
This emphasis on relatively safe investment strategies could be a significant competitive disadvantage, especially compared to pension funds, which have no comparable equity capital requirements. Insurers may offer only products with relatively low risks and small returns, whereas pension funds are able to offer not only low-risk products but also riskier products with higher return potential. This is a disadvantage for insurers in the market for private retirement arrangement products, as young consumers with a long-term investment horizon might prefer to buy riskier products. Thus, the most important customer group in the market for private retirement arrangement products is not accessible to the insurers. The only exception is unit-linked life insurance products, which do allow riskier investment strategies.
Looking at the low percentage of stocks in insurers' investment portfolios might lead one to believe that insurers anticipated the introduction of the SST and that some or most of the capital shifting might have already occurred within the last few years.
Federal Office of Private Insurance (2006a). Martin Eling et al. Swiss Solvency Test and its Market Implications
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The portion of stocks and investment fund shares went from 17.36 to 7.92 percent in the period between 1999 and 2005. 30 One main driver of this development was the stock market plunge that occurred from 2000 to 2003, but another impetus could well have been anticipation of the SST. The reduction of investment in real estate as well as the increase in relatively safe investments, such as fixed-income securities, might provide some additional support for this hypothesis. 31 In summary, we conclude that there will not be much change in the stock investment behavior of Swiss insurers due to the SST.
Effects on foreign exchange markets
The discussion so far suggests that the Swiss capital market is not of sufficient volume for Swiss insurance companies. In particular, in regard to long-term bond markets, the expected increase in demand cannot be met by the existing supply. Therefore, longterm bond prices might rise. Alternatively, or in addition, investment in the foreign currency area might increase. Owing to its large volume, the euro area in particular would offer an alternative; the gross sales volume of euro bonds in the year 2005 amounted to US$ 1,796.7 billion.
32 Increased purchases by Swiss insurance companies thus might not have much effect on prices in this market.
In contrast to the Swiss capital market, however, investing in the foreign currency area entails additional currency risk, which, in practice, is typically eliminated by hedging on a rolling basis. However, substantial residual risks, especially crosscurrency risks, remain for insurers even when they engage in hedging. Since bonds are bought on a long-term basis and currency hedging is mostly conducted on a threemonth basis, future hedging costs are uncertain.
Therefore, the introduction of the SST might lead to expanded investment in foreign countries with consequent possibly substantial additional risk. However, the SST quantifies currency risks, which are thus transparent over exchange rates. Additional foreign exchange risk will therefore also result in an appropriate increase of required capital. Moreover, it is important to note that while currency risk certainly might involve a negative deviation from the expected result, it can also result in a positive deviation from the expected value. Increased investment in the foreign currency area also results in increased diversification. However, hedging practices could very well lead to substantial costs.
Previously, currency risks were limited by congruence requirements in asset regulation. The current asset guidelines, effective 12 June 2006, also contain a congruence requirement. However, this rule is void if the SST is met. As mentioned, currency risks are appropriately taken into consideration in the SST market risk model. Therefore, an additional commitment in the foreign currency area will lead to an increase of the capital requirements. If, however, the foreign bond market still 30 The data can be found at http://www.versicherungsmarktbpv.admin.ch. Note that the numbers presented here are aggregated over all insurers (life, property-liability, and reinsurance). 31 Other drivers might have been the increasingly risk-based evaluation of rating agencies or the increasing use of risk-based capital allocation models in the insurance industry. 32 See Bank for International Settlements (2006, p. 28 ).
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appears attractive, insurance companies will increase their investment in it, which implies that they are also willing to bear the additional foreign exchange risk and the transaction costs resulting from hedging. All these effects will be adequately reported in the SST market risk model.
Effects in capital market crisis
The SST provides the opportunity for insurers to use internal, instead of standard, risk models to determine capital requirements. An internal model is one constructed by the insurer for its specific needs. A standard model is designed by the regulator and used uniformly across insurers. For example, the market risk model of the SST is the standard model approach for calculating market risk. Under certain circumstances, such a standard model might contain some systematic risk. With a standard model, an unusual event in the capital or insurance market could result in an identical response by all insurers, thereby causing a run on the market. 33 The 2001 response to capital market shifts is an example. Following the plunge in stock market prices, many insurers started to shift their asset allocation from stocks to bonds, which led to a further expansion of the stock supply and thus to a further plunge.
34
To avoid such parallel behavior and its consequent expansion of capital market crises, it seems important to have multiple solvency models. In this context, internal models might play a special role. After being accredited by the supervisory authority, insurers could use an internal risk model for the SST computations and, indeed, the Swiss supervisory authority strongly supports the use of such internal models. 35 The use of a broad range of internal models most certainly reduces systematic risk in the insurance market. Moreover, internal models are expected to result in more accurate analysis, control, and management of insurers' financial situation than do the more generic standard models.
As mentioned in the section entitled ''The SST: an overview'', an advantage of the SST in this context is its principle-based concept. Encouraging insurers to use their own volatilities and correlations for certain investments allows for more variety and generally reduces systematic risk. Thus there is less danger of systematic behavior with a principle-based approach than with a rule-based approach.
Effects of risk-based capital standards on liability management
Corporate finance
The SST generally leads to higher capital requirements at the corporate level. This increase can be caused by, for example, a higher safety level set by the regulators or by the results of new scenario analyses for estimating liabilities. A field test of the SST in 2005 showed that specific scenario tests can result in a 5-10 percent increase in 33 See Eling et al. (2007) . 34 See Cummins and Doherty (2002, pp. 6-8) . 35 See Federal Office of Private Insurance (2004, p. 29). expected shortfall. In addition, insufficient diversification, market risks, or insurance risks such as surrender, as well as asset-liability mismatch, can lead to a substantial increase in target capital. The 2005 SST field test revealed that a market-based valuation of assets and liabilities leads to a decrease in the capital adequacyparticularly for life insurers -compared to the statutory requirements imposed by Solvency I. 36 Most probably, target capital requirements derived within Solvency II will cause a similar decrease in an insurer's capital adequacy and hence the considerations in the following discussion may be useful for the ongoing discussion in the EU.
An increase in target capital (e.g., due to a higher safety level) requires implementing risk management measures -for instance, providing more equity capital -which also has the effect of increasing premiums, 37 as is illustrated in Figure 4 . To increase the safety level, the value of the default put option must be lowered. This induces an increase in equity and premiums. If the actual market premium is already higher than the no-arbitrage price displayed in Figure 4 , market premiums will not need to be increased (in this case, earnings decrease). Concerning an increase in equity capital, one needs to take into account that rapid adjustment of equity is usually not possible since capital markets are not completely efficient. In this case, capital costs will be mainly driven by the costs of alternative risk management measures, especially reinsurance. 38 The issue of reinsurance becomes even more important due to the fact that a full risk transfer by way of reinsurance can reduce the target capital required under the SST. This leads to an increase in underwriting capacities and may change the demand for new and existing reinsurance products. However, the SST also requires insurers to hold capital for credit risk associated with the reinsurance company. Concrete effects will thus depend on the specific integration of reinsurance in the company's risk management plan.
If premiums must be raised due to an increase in the required safety level, policyholders must decide whether they are willing to pay the extra amount. Doherty and Garven (1986) . 38 See Doherty and Tinic (1981) .
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Experimental studies 39 show that the price function of policyholders generally deviates from the option pricing method displayed in Figure 4 . Reasons for deviation include inhomogeneous expectations, regulatory effects, taxes, transaction costs, or a differing risk perception. 40 The latter, in particular, can lead to highly risk-averse behavior and thus to a price function as shown in Figure 5 , which reacts very sensitively toward changes in the safety level. Typically, one can observe that policyholders will agree to pay a much higher premium for higher safety levels (which will be communicated through, e.g., rating agencies).
Overall, the effect on corporate financing of an increase in target capital will be moderate since Swiss insurers are generally already sufficiently capitalized either due to the use of their own internal risk models or because of the desire to satisfy rating requirements. 41 According to FOPI, the solvency ratio (available in percentage of required solvency capital) under Solvency I was 251 percent for life insurers, and 331 percent for non-life insurers at the end of 2006. 42 The statutory equity, measured as a percentage of business volume, has thus clearly increased (life þ 16 percent, non-life þ 10 percent, reinsurance þ 33 percent), as it did in the previous 3 years. The 2006 field test of the SST showed that, on average, life insurance companies were very well capitalized.
Insurance product design
Even though the SST may have limited effect at the corporate level, it will likely lead to adjustments in product design for both the life and non-life insurance sectors. Below, we first point out some central properties of the SST that will have an impact on insurance products. We follow this with a closer look at the implications for life and non-life insurance products. 
Swiss Solvency Test and its Market Implications
Relevant properties of the SST for product design The SST explicitly quantifies correlations, volatilities, and scenario analyses for market, insurance, and credit risk. Solvency capital requirements are then determined by aggregating results for normal years and requirements resulting from scenario tests that combine all three types of risk. 43 The results of the 2006 field test 44 illustrate that for life insurers, market risk is dominant, while for non-life insurers, insurance risk is most prevalent. For all companies, credit risk ranks third. The risk-based capital calculations within the SST lead to a holistic picture of an insurer's risk situation at the corporate level. On the one hand, risk accumulation and volatility of big losses in individual lines of business are taken into account. On the other hand, the SST recognizes diversification effects through, for example, independent or even negatively correlated risks that serve to reduce solvency capital. Therefore, an insurance portfolio must be considered as a whole, including different lines of business and insurance types, which will lead to an increase in the complexity of risk selection processes. At the 99 percent confidence level (see the section above on the overview of the SST), the expected shortfall concept is more restrictive than the value-at-risk concept. The 2005 field test 45 showed that for life (non-life) insurance companies, the weighted average of the 99 percent expected shortfall is approximately 13 percent (9 percent) higher than the 99.5 percent value at risk.
Overall, the convergence of necessary regulatory capital and economic capital facilitates product development and appropriate pricing. At the same time, transparency is substantially increased, which enables a well-founded and critical evaluation of costs, profitability, and securitization and thus an efficient assignment of resources and capital.
The effect of the SST on life insurance products In recent years, the Swiss life insurance market recorded a slightly declining premium volume. Furthermore, a trend away from traditional endowment life insurance contracts toward unit-linked products has been observed, as displayed in Figure 6 .
Unit-linked products provide upside potential due to the investment in a mutual fund, where policyholders bear the main investment risk. Usually, an investment guarantee is given on the premium payments, such as, for example, an interest rate or lookback guarantee.
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Another market innovation has been the development of modular products, starting in 2005/2006. This type of product includes only a basic guarantee; all other options are purchased separately as desired, at an appropriate price. For policyholders, these products are thus highly transparent. It can be expected that the SST will intensify this product trend in the medium and long term, accompanied by a reduction of capitalintensive contract components in life insurance policies. Grosen and Jrgensen (2000) as well as Gatzert and Schmeiser (2007b) for an analysis of these types of guarantees in unit-linked products under different investment strategies.
The Geneva Papers on Risk and Insurance -Issues and Practice provide additional capital if assets have a shorter time to maturity than liabilities so as to secure the default risk of guarantees in case of adverse market developments. Since life insurance companies are subject to substantial market risk, the securitization of guarantees and options is quite expensive. This is of particular concern for guarantees and options in long-term products. One serious problem with products having a long time to maturity is unexpected changes in insurance risks during the contract term. In the SST target capital calculations for life insurers, insurance risk includes option exercise, surrender, costs, reactivation, disability, longevity, and mortality. Furthermore, scenarios involving global deflation, longevity, pandemics, invalidity, equity drops, terrorism, and surrender are included, among others. In the case of annuities, for instance, longevity risk (improvement in life expectancy) can pose a serious threat to pension firms if guarantee components cannot be adjusted during the contract term. The 2006 field test showed that for life insurers, the global deflation scenario has the largest impact on the SST solvency ratio (almost 40 percent). Policies with embedded options such as surrender, paid-up, or switching death benefit, require assumptions about policyholder exercise behavior when estimating liabilities. 47 Exercise behavior can have a considerable effect on the whole portfolio of insureds if, for example, mostly ''good'' risks surrender their policies, while ''bad'' risks remain in the portfolio and increase their death benefits.
The SST requires adequate pricing and recognition of risks associated with products that include embedded options. Thus, the characteristics of life insurance products described above generally lead to an increase in capital requirements. There are several ways to reduce the insurer's risk and thus solvency capital. Embedded options and guarantees can be retained if a ''fair'' price for the associated risk can be obtained. 47 The paid-up option, for instance, is treated in Kling et al. (2006) and in Gatzert and Schmeiser (2007a) . 48 In this context, the term ''fair'' (or appropriate) price is used in a financial sense as described in Doherty and Garven (1986) . The modular products discussed above are one means of achieving fair prices for covered risks, with the added advantage of being transparent to the customer. Capital costs for the risks associated with purchased options (those in addition to the basic guarantee as selected by the customer) can then be reduced through securitizing, hedging, diversification, pooling, or reinsurance.
Alternatively, capital-intensive contract components could be excluded from the policy design to avoid high solvency capital costs. Risks can therefore be shifted toward policyholders, as is done in the case of unit-linked products. This design possibility is particularly relevant for traditional participating life insurance contracts, which require a higher solvency capital due to the numerous options and guarantees included in the contracts. An important related aspect is policyholder perception of the value of guarantees and options in life insurance products and their resulting willingness or unwillingness to pay a fair price. Thus, insurers will need to identify capital-intensive product components that impose a substantial risk to the insurer but are not highly desired by policyholders. For instance, instead of including expensive cliquet-style guarantees, point-to-point guarantees can be offered. 49 In general, a reduction of guarantees and options as a consequence of risk-based capital standards, as well as an intensification of the trend toward unit-linked products, is very likely.
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Further, SST-induced risk management mechanisms such as, for example, cash flow matching, may lead to a trend on the asset side toward pure low-risk bond contracts and thus to products having lower risk. This can jeopardize the attractiveness of participating contracts due to a loss of participant autonomy. For instance, participating contracts can be replaced with pure term insurance and a bond portfolio, both of which can be obtained from an investment firm at less cost. Pension funds could be another substitute. These institutions are subject to different regulation, making it possible for them to offer high-risk products without having to meet correspondingly high capital requirements.
Another viable new insurance product could involve allowing the insurer to modify certain provisions during the contract term given the occurrence of certain specified events. For instance, premiums could be adjusted based on the inflation index, or guaranteed rates in annuities could be modified based on an updated life expectancy determination.
The effect of the SST on non-life insurance products The SST's effect on non-life insurance products is less pronounced. For this type of insurance, premiums and target capital are based not only on expected loss but also depend on volatility, loss accumulation, and major claim distributions across the different lines of business. Moreover, dependencies in the loss distributions must be taken into account. These considerations imply higher capital requirements for lines of business having higher-than-average volatility, such as property (subject to 49 See, for example, Gatzert and Kling (2007) and Kling et al. (2007) for a comparison of shortfall risk between cliquet-style and point-to-point guarantees. 50 See also the survey by Fox-Pitt, Kelton (2006) . The Geneva Papers on Risk and Insurance -Issues and Practice catastrophes) and liability insurance, as well as credit, aviation liability, and transit insurance. 51 In this respect, it is crucial not to underestimate risk over the long run. Accurate modeling of individual losses that could involve large claim amounts is especially important, for example property -fire -and liability -product, motorcycle liability.
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If an insurer is sufficiently capitalized according to the risk-based capital standards, product diversity can be improved and extended. Otherwise, possible consequences (and actions taken in reaction to them) will be very similar to those faced by the life insurance sector, in particular the exclusion of certain types of risk and a shift of risk onto policyholders. A reduction in volatility could be achieved by, for example, an intensification of retentions and an increasing number of exclusion clauses that fully or partially exempt certain types of risk. In this regard, insurers will need to pay special attention to risks that are difficult to assess and quantify, such as asbestos or terrorism. In addition, one can expect a change in underwriting policy toward less volatile risks manifested by a concentration on target groups with lower expected claims costs and lower volatility, making the insurer less susceptible to accumulation risk. Eliminating or, at least, reducing the importance of highly volatile and nonprofitable segments of the business is made more straightforward by the increased transparency associated with risk-based capital standards. In particular, liability insurance is required to have more solvency capital than was the case before the SST. 53 Stricter model (internal or standard) scenarios and stress tests can highlight the unattractiveness of certain product lines, thus creating an opportunity to readjust the insurer's risk burden. 54 In general, if a practice of excluding certain risks reduces business volume, insurance companies will prefer to insure the risks, but at an appropriate price.
Another important effect of the SST on the non-life insurance business has to do with the necessity of considering investment risk when calculating solvency capital. Until the late 1990s, premiums were priced at amounts too low to actually cover claims costs and expenses, on the theory that the shortfall would be made up by returns on investments. However, this practice did not adequately consider the unpredictability of the ''real'' world and thus, after the financial market crisis of 2001, premium prices had to be increased. Thus, the new requirement to consider investment risk in non-life insurance policies sanctions cash flow underwriting, with the resultant effect of stabilizing price cycles. This premise is supported by model calculations conducted in Baur and Enz. 55 Their results illustrate that in the year 2000, insurers in the four largest European non-life insurance markets (Germany, France, the United Kingdom, and Italy) would have needed additional solvency capital for their asset portfolios in an amount equal to almost half of their asset base when using the expected shortfall approach, given their stock investments of almost 40 percent. Baur and Enz (2006) . 54 See Federal Office of Private Insurance (2004) . 55 Baur and Enz (2006) . 56 Ibid.
Conclusion
In this paper, we discuss the SST, highlighting its main features and discussing its significant economic implications for the Swiss economy, particularly focusing on capital markets, corporate finance, and product design. These discussed effects can be generalized in principle to other approaches of capital regulation, since they are primarily caused by the transition to risk-based supervision. We believe this aspect to be of particular interest in respect to the ongoing Solvency II process in the European Union.
The new, risk-oriented control of asset management as envisioned by the SST will change the investment policies of insurers and thus have a substantial impact on the capital markets. We thus expect a shift toward long-term bonds and a flat term structure in the Swiss and other European capital markets over the next few years. Similar shifting might occur in the real estate markets, while changes in stock market investment activity are not very likely.
The SST's impact at the corporate level will be rather moderate with respect to corporate financing because Swiss insurers are generally already well capitalized. The SST's recognition of the full risk transfer achieved by reinsurance will lead to reductions in required target capital, accompanied by an increase in demand for reinsurance products, both as they exist now and in regard to new products specifically designed with the SST in mind.
Furthermore, we expect a trend toward modular products in the life insurance industry and, particularly, a reduction of capital-intensive contract components (in particular, embedded options) in long-term products. Sanctioning of cash flow underwriting due to consideration of investment risk in non-life insurance policies will tend to result in a weakening of price cycles. Furthermore, consideration of volatility, susceptibility to major claims, and intensity of accumulated losses will imply higher capital requirements for lines of business with above-average volatility, for example hail or storm insurance.
Our analysis, along with feedback from market participants, leads us to conclude that the risk-and principles-based SST is a flexible and transparent framework based on a realistic economic model. However, as the insurance industry is one of the largest institutional investors in Switzerland, possible changes in asset and liability management will have a noticeable effect on capital market demand and product design. We therefore encourage regulators to carefully monitor the economic implications of the SST during the next several years.
